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摘要       本文采用水热法制备了MnO/氮掺杂石墨烯复合材料. 作为非水锂空气电池的正极催化剂,该复合




























中国科学: 化学 2017 年  第 47 卷  第 5 期: 663 ~ 670



















































Panalytical X-pert PRO, Philips Panalytical仪器公司,荷
兰)测得. 采用Cu Kα靶,光波波长为0.154 nm,扫描范围
为10~80°. 制备样品的详细形貌通过场发射扫描电镜
(FESEM, HITACHI S-4800, HITACHI,日本)和透射电









品的负载量约为1 mg cm−2. 所构造的锂空气电池主要















































图 1    (a) MnO/氮掺杂石墨烯及其前驱体的XRD图谱; MnO/
氮掺杂石墨烯复合材料的Mn2p (b), C1s (c)和 N1s (d)的XPS
图谱(网络版彩图)

























态 组分 电子数 能量
A O2 Cat., O2, 4Li
+ 4e− EA=E(Cata.)+E(O2)+4E(Li)−4U
B LiO2 Cat.@LiO2, 3Li
+ 3e− EB=E(Cata.@LiO2)+3E(Li)−3U
C Li2O2 Cat.@Li2O2, 2Li
+ 2e− EC=E(Cata.@Li2O2)+2E(Li)−2U



























别为石墨烯骨架中的sp2 (C=C)碳(284.5 eV), sp2 (C=N)
碳(285.5 eV)和sp3 (C–N)碳(287.5 eV).图1(d)是该复合
材料的N 1s图谱, 图中的3个峰分别对应于吡啶型N
(398.1~399.3 eV)、吡咯型N (399.8~401.2 eV)和石墨
型N (401.1~402.7 eV)[40].
图4给出了MnO/氮掺杂石墨烯复合材料和氮掺杂


































































催化剂 实验条件 ORR过电势(V) OER过电势(V) 文献
MnO/氮掺杂石墨烯 0.1 mA cm−2 0.27 0.54 本文
MnO2/氮掺杂石墨烯 200 mA g
−1 0.21 0.89 [16]
Co3O4纳米片 50 mA g
−1 0.26 0.94 [41]
MnO/碳纳米管 0.1 mA cm−2 0.29 1.08 [42]
Fe2O3/石墨烯 0.1 mA cm
−2 0.28 1.11 [43]
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对于MnO (100)面, ηORR为0.21 V, ηOER为0.24 V.同理,对
图 8    MnO (100)面(a)和MnO (111)面(b)的充放电过程自由
能垒图(网络版彩图)
表 3    各表面理论预测ORR和OER过电势(单位: V)
表面 UDC U0 UC ηORR ηORR Eads(LiO2)
MnO (100) 2.31 2.52 2.76 0.21 0.24 −1.67
MnO (111) 3.01 3.61 5.11 0.60 1.50 −4.47
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于MnO (111)面, ηORR为0.60 V, ηOER为1.50 V.
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Abstract: MnO/nitrogen-doped graphene (MnO/NG) composite cathode was fabricated by a facile one-pot method
as cathode catalyst for non-aqueous lithium oxygen batteries. It exhibited superior electrochemical performance with
higher round-trip efficiency and better cyclic stability. It showed a high round-trip efficiency of 84.6% at the current
density of 0.05 mA cm−2 with the discharge and charge overpotentials of 0.11 and 0.41 V, respectively. Through scanning
electron microscopy, transmission electron microscopy and X-ray photoelectron spectroscopy, it was confirmed thatMnO
nanoparticles were homogeneously dispersed on NG surface. The density functional theory calculations demonstrated
that the superior electrochemical performance of MnO/NG might be attribute to the exposure of stoichiometric MnO
(100) surface, with the ORR and OER overpotential only to be 0.21 and 0.24 V, respectively. The discharging-charging
voltage gap is 0.45 V, in good agreement with the experimental value of 0.52 V.
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